Aircraft Measurements of Tropospheric Aerosol in Antarctica by Minikin, Andreas et al.
Institut für Physik der Atmosphäre
Aircraft Measurements of Tropospheric Aerosol 
in Antarctica
A. Minikin1, R. Krejci2, A. Herber3, A. Stohl4
1 DLR Oberpfaffenhofen, Germany
2 ITM, Stockholm University, Sweden 
3 AWI, Bremerhaven, Germany
4 NILU, Kjeller, Norway
with essential support from:
R. Treffeisen, T. Garbrecht, J. Höltig,
K. Hara, DLR flight crew, 
Neumayer and Syowa staff 
Page 2   >   IPY Conference Oslo 2010   > Minikin et al.
Institut für Physik der Atmosphäre
Why aerosol measurements in the Antarctic troposphere?
Arctic
• distinct saisonal cycle in aerosol properties:
clean conditions in summer / anthropogenic
pollution in winter/spring (Arctic haze) 
Antarctica
• it's clean; aerosol radiative effects considered to be
unimportant
• but: vertical aerosol distribution virtually unkown
• most information on tropospheric aerosol available
from coastal Antarctic sites, but ice cores are
drilled mainly on the plateau (> 3 km altitude)
• knowledge of aerosol transport pathways
is important, but not well understood at present
 aerosol vertical profiles? can we learn from them?
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Nimbus-7 Coastal Zone Color Scanner, NASA
Photochemical oxidation of marine
biogenic dimethyl sulfide (DMS)
DMS + OH   (a) H2SO4 (b) MSA
 particle formation (and growth)
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Number concentration of (ultra)fine particles:
Seasonal cycle of condensation particles at Neumayer & South Pole
South Pole data: GAW World Data Centre for Aerosols - http://rea.ei.jrc.it/netshare/wilson/WDCA/
Neumayer data:  R. Weller, AWI
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Time period of science flights 20-Dec-2006  until 26-Jan-2007
Total science flight time 88.5 hours
Number of flights 37 flights in total
15 flights in Neumayer area (20.-31.12.2006)
(including 2 flights from Kohnen)
15 flights in S17 area (7.-24.01.2007)
6 ferry flights between NM and S17 (with
measurements) on 5.01. and 26.01.2007
17 flights up to 6-7 km altitude
Web page with campaign info http://www.pa.op.dlr.de/aerosol/agames/
(campaign log, photo gallery, weekly reports)
AGAMES operation in Dec/Jan 2006/7
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Flight tracks of Polar 2 science flights during AGAMES
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• Profiles:  Median, 10-, 25-, 75-, 90-percentiles per 400 m altitude bin
• Logarithmic concentration scale,
concentrations corrected to standard conditions (stp)
• In-cloud data excluded from data set









number concentration  (cm-3 stp)
Page 11   >   IPY Conference Oslo 2010   > Minikin et al.
Institut für Physik der Atmosphäre
Mean annual cycle of CN at Neumayer

























 good general agreement in number concentrations
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 NACC >250 /  NACC >120
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Volatile and non-volatile particle fractions







fraction (%) fraction (%)
 sulfuric acid aerosol is likely dominating the aerosol number
particularly above 3 km
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Comparison of aerosol profiles
AITK NUCL ACC NON-V
number concentration  (cm-3 stp)
number concentration  (cm-3 stp)
EUCAARI central Europe
AGAMES
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Comparison of aerosol profiles
AITK NUCL ACC NON-V
number concentration  (cm-3 stp)
number concentration  (cm-3 stp)
INCA Punta Arenas
AGAMES
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--
Preliminary data.






 STPN13TD250.MED (desc)Vertical aerosol profiles
ANTSYO II / AGAMES
























> 10 nm 
Layering in upper troposphere during flight from Kohnen
upper troposphere
middle troposphere
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25-Dec-2006 case: particle nucleation at low level


















  flight altitude
ANTSYO II / AGAMES
Polar 2, flight 061225a
25-Dec-2006
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... was observed at low
level predominantly
over water
... was observed mostly at low
level (below 1.5 km) with only
few, but notable, cases of 
layers in the free troposphere
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  flight altitude
ANTSYO II / AGAMES
Polar 2, flight 061231a
31-Dec-2006














































































DLR Institut für Physik der AtmosphärePreliminary data
 STPN413Vertical aerosol profiles
ANTSYO II / AGAMES


























31-Dec case: high altitude particle nucleation
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"footprint"  "column"  
?
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• first aircraft measurement campaign in Antarctic dedicated to the study of
tropospheric aerosol properties in Dec/Jan 2006/7 (yes, that was before IPY)
• the vertical distribution of aerosol properties reflects in many ways the large 
distance to aerosol sources:
- overall low particle number concentrations, in particular of non-volatile particles
- weak vertical gradients in the free troposphere 
- relatively low variability (day-to-day, flight-to-flight)
- prominent layers were rarely observed (and if, is South America the origin?)
• new particle formation (following probably DMS oxidation) did occur on local scale
close to open water, but extending up to ~1.5 km altitude,
but was also observed a few times in the upper troposphere (origin?)
• no significant aerosol gradients observed going from the coast to the
continental and elevated sites on the Antarctic plateau
• particles of stratospheric origin mixed down to ~5 km altitude?
Conclusions
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Spot the difference!
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Particle size ranges covered by aerosol instruments
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Polar 2 aerosol payload (microphysics)
 MEASUREMENT INSTRUMENT AEROSOL CATEGORY SIZE 
RANGE OPERATED BY 
      
 ultrafine 
(nucleation mode) 
& Aitken particles 
>   4 nm 
>   9 nm 







size analyser  
(4 channels) 
Heated inlet  
(125 °C, 250 °C) 
non-volatile, semi-
volatile particles > 13 nm 
DLR-IPA 
      










FSSP-300 coarse aerosol & cloud elements 0.3–20 µm 
U-Stockholm, 
DLR-IPA 
      




Aitken & accumulation 
mode aerosol  U-Stockholm 
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Polar 2 aerosol payload (optical properties and chemistry)
MEASUREMENT INSTRUMENT AEROSOL CATEGORY WAVE-
LENGTH
OPERATED BY
Sun photometer Spectral extinctioncoefficient 350-1050 nm AWI
Integrating





photometer Absorption coefficient 560 nm
U-Stockholm
NIPR Tokyo
Impactor sampling Single particle analysisAEROSOL
CHEMICAL







Ozon 41M Ozon mixing ratio
AWI
Additional measurements:
• Position and wind data (Optimare, AWI)
• Humidity with CR-2 frost point hygrometer (AWI)
• Pyranometers & Pyrgeometer (Optimare, AWI)
• Flask sampling for greenhouse gases (NIPR)
• Aerosol with two OPCs (NIPR)
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Vertical distribution of aerosol from Neumayer flights
AITK NUCL ACC NON-V
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